Abstract: Sinonasal mucosal melanoma (SNMM) is a rare tumor, comprising less than 10% of sinonasal malignancies. SNMM most frequently occurs in the nasal cavity (70%) and maxillary sinus (14%), typically as black patches. Overall, SNMM harbors a very poor prognosis; 5-year survival is less than 30%. Nasal cavity tumors confer a better prognosis than sinus melanoma. The primary management for SNMM is surgery, when feasible, followed by adjuvant radiotherapy. Recent studies suggest that immunotherapy may confer survival benefit to patients with advanced disease. The multidisciplinary team approach has been shown to optimize treatment, reduce costs, and minimize adverse events, while maximizing the chances for cure.
Introduction
Sinonasal mucosal melanoma (SNMM) is a rare tumor, comprising about 1% of all melanomas and about 4-8% of sinonasal malignancies. 1, 2 In recent years, SNMM has been considered and managed as a separate disease from cutaneous melanoma, including its staging system and treatment modalities. 3 SNMM most commonly affects the nasal cavity (70%) and maxillary sinus (14%). Patients with nasal cavity origin have been shown to have a better prognosis than those with paranasal sinus tumors. 4 The reported 5-year survival rate of SNMM is less than 30%. 3, 5 Treatment of early SNMM has traditionally been surgical, followed by adjuvant radiotherapy. 3 A role for biologic treatment, as well as immunotherapy, has emerged over the last decade. However, SNMM is characterized by high variability in tumor characteristics, poor prognosis, complexity of treatment, and a vast range of new therapeutic targets. Hence, a single physician cannot manage all the aspects of treatment with state-of-the-art approaches. Rather, a multidisciplinary team (MDT) approach is mandatory for planning the best treatment modality and follow the disease course.
In this review paper, we present the latest updates on SNMM treatment, with an emphasis on the MDT approach. management may reduce the chance of cure and confer unjustified detriment to the patient. According to the guidelines of the National Comprehensive Cancer Network and the European Society for Medical Oncology, MDTs are equal-level structures that include clinicians who play various roles, and have different areas of specialization and degrees of expertise. An MDT thus enables the creation of a network in which the patient is at the center of the decision-making process. [6] [7] [8] At presentation, the focus is to determine the stage of the disease (early, intermediate, or locally-advanced) and the role of surgery in its management. The objective is to make a correct diagnosis and provide patients with the best possible treatment. 9 The head and neck cancer MDT includes physicians and paramedical staff from multiple disciplines. 10 This tumor board is directed toward attaining a comprehensive evaluation of cancer patients from different points of view. 11 Tumor board discussions incorporate information based on the fields of expertise, experience, and knowledge of all the participating specialists, including surgery, medical oncology, radiation oncology, radiology, nuclear medicine, and pathology. 12 The entire team is thus able to arrive at a wide-ranging assessment of a patient's case, at one time, rather than over the course of several days and a number of separate visits with specialists. 9, 12 As regards melanomas, in comparison to conventional care, the MDT approach has been shown to reduce healthcare costs by optimizing treatments and reducing treatment-associated adverse events. 13 In the best settings, an MDT workup will ensure accurate assessment, evidencebased decision-making, and the most advantageous treatment planning and delivery of care. 14 
The Role of the Multidisciplinary Team Workup
Studies in non-small-cell lung cancer and breast cancer showed that MDTs led to changing treatment decisions in half of the patients, and eventually improved the survival of those individuals. 15, 16 A number of studies have reported outcomes from the MDT approach in head and neck cancers. A prospective study by Wheless et al 17 evaluated the tumor characteristics and treatment plans for 120 patients who were presented to MDT meetings of the head and neck tumor board in a tertiary academic hospital, 84 with malignant and 36 with benign tumors. The multidisciplinary head and neck tumor board conferences were attended by multiple (3 to 5) head and neck surgeons, a medical oncologist, and a radiation oncologist. When needed, representatives of other specialties were also present (eg, neurosurgery, plastic surgery, pathology, radiology; dental, oral and maxillofacial surgery, and social work). Compared to pre-conference decisions, the board's results showed changes in tumor diagnoses, disease stage, or treatment plans in about 27% of the studied cases. Changes in treatment were significantly more common in cases of malignancy, occurring for 24% of patients versus 6% of those with benign tumors. Such changes were largely due to escalations in management related to multimodality care. Approximately 7% of these patients required a further diagnostic work-up before definitive treatment planning could advance. 17 Another study that examined the role of the MDT approach in treatment decision making in head and neck cancers analyzed the retrospective data of 781 head and neck cancer patients. 9 Staging or restaging by imaging, pathology, or immunohistochemical or molecular analyses was deemed necessary for 49% of the patients. 9 Immediately following MDT evaluation, diagnoses were changed in 3% of the patients without any further need for additional diagnostic investigations. Treatment plans were modified for 10% of the patients. Notably, restaging was required more for those with rare, rather than common cancer types (60% vs 43%).
9
Compared to patients who are managed by one physician at a time, MDT-managed cancer patients have better survival outcomes 18 and shorter wait times before obtaining consultations with other experts or securing treatment. 19 Moreover, they benefit from a more vigorous treatment decision making process because they have rapid access to several expert opinions.
20
One large-scale British study compared the outcomes of head and neck cancer patients with and without an MDT approach during two time periods: 1996-1997 (556 patients) and 1999-2000 (727 patients). Patients assessed by an MDT exhibited improved survival (1997: P=0.1; 2000: hazard ratio 0.7, P=0.02). This suggests a correlation between patient care in a multidisciplinary clinic and patient survival. 18 Ganti et al analyzed SNMM patients in a large national database to better understand treatment modalities applied and approaches taken with these individuals. 3 In a univariate analysis, the study found that, due to the aggressiveness of the disease, a significant predictor of survival was the time between an SNMM diagnosis and initiation of treatment. These data emphasize the importance of fast, multidisciplinary discussion, staging, and treatment decision-making to improve survival. 3 Taken together, the accumulating data on the treatment of head and neck cancer, especially the less common entities, indicate that the MDT approach is required for initial management. This allows for better definition of patient stage and adjusting the treatment plan, accordingly. 9 The Authors' Perspective on Implementing the Multidisciplinary Approach At our tertiary academic head and neck center, we conduct two MDT meetings weekly to discuss head and neck cancer and skull base tumors. The head and neck tumor board is comprised of head and neck surgeons, a medical oncologist, a radiation oncologist, a radiologist, a nuclear imaging specialist, a reconstructive surgeon, and a maxillofacial surgeon. The skull base tumor board is complemented by a neurosurgical team. The aim of these meetings is, first and foremost, to determine the best treatments for patients. In addition, they have educational value.
The role of each member of the MDT is defined and known, and the opinions of the surgeons and oncologists have equal weight regarding the best course of treatment. All verdicts are made by a joint decision.
The Molecular Profile of SNMM
Considerable variation exists in the genetic alterations within the subtypes of melanoma, such as cutaneous, mucosal, and uveal. 21 The majority of skin melanomas
show an increased number of BRAF mutations, particularly BRAF V600E . On the other hand, a greater number of KIT gene alterations in SNMM and a complete lack of BRAF V600E alterations have been demonstrated. [22] [23] [24] According to various scientific studies, the somatic oncogenic mutations that characterize SNMM are as follows: KIT, 0-40%; NRAS, 10-50%; and BRAF, 0-10%. 25, 26 In all tumors obtained from 17 mucosal melanoma patients, fluorescent in-situ hybridization assays showed amplification of the Ras-responsive element binding protein 1 (RREB1) gene in chromosome 6p25. The loss of proto-oncogene MYB, and the cell cycle regulator, cyclin D1 (CCND1) was reported in 76% and 15% of patients with mucosal tumors, respectively. 25, 27 The absence of the tumor suppressor genes PTEN and p16
was observed in SNMM patients as well, though no alterations were seen in PIK3CA, which is commonly associated with the loss of PTEN. 28 Inhibition of expression or complete loss of PTEN was observed in about 40% of the patients, which compares with inhibition of p16 in 50%. 25 Furthermore, the overexpression of pAkt and pERK due to alterations of multiple proteins in this signaling cascade resulted in the combined activation of PI3K/ Akt and RAS-MAPK signaling pathways. 24, 25 High levels of pAkt1, which are frequently seen in SNMM patients, can serve as individual prognostic markers. 29 Moreover, in non-metastatic BRAF V600E/ /Cdkn2a Null mouse, overexpression of pAkt1 was shown to be responsible for lung and brain metastasis, which gives further insight into molecular mechanisms driving melanoma progression. 30 The identification and characterization of these mutations are essential as they provide potential targeting opportunities for systemic therapy. Inhibition of the effectors in the aforementioned signaling pathways will aid in the development of effective forms of therapy tailored for SNMM patients.
From an epigenetic standpoint, SNMM is known to have a specific pattern of chromosomal alterations, which are absent in cutaneous and uveal melanoma. 31 In tumors obtained from SNMM patients, 100%, 93%, and 57% gains have been reported in chromosome arms 1q, 6p, and 8q, respectively. Furthermore, ploidy analysis showed significant clear and high copy gains in 75% of triploid and tetraploid tumors. 31, 32 Another aspect of SNMM is the high frequency of telomerase reverse transcriptase promoter mutations, which has been observed in 8% of SNMM patients. This results in higher transcriptional activity and an increased number of driver mutations. 33 The current clinical significance of these alterations is unknown. However, they can facilitate the characterization of tumors and may eventually serve as therapeutic targets. The identification of the mitochondrial expression profile in mucosal melanomas paved the way for the development of new mitochondrial biomarkers which could be utilized as potential targets for treating this disease. 34 The overexpression mitochondrial biomarkers like antimitochondrial fission protein 1 (FIS1) and mitofusin-2 (MFN2) has been observed in sinonasal melanoma patients. The former resulted in higher rates of vascular invasion in mucosal melanomas and the latter showed higher rates of distant metastasis, and both are responsible for reducing overall survival rates.
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Treatment Paradigms for SNMM Surgery
The preferred method of treatment for SNMM is surgery, followed by radiation therapy. However, its patchy and multicentric pattern of growth makes complete surgical resection challenging and often impossible. Thus, other treatment interventions, such as systemic therapies, are required. The rarity of SNMM, together with its high metastatic potential, makes it hard to find efficient systemic therapies to combat this form of melanoma. Surgical resection with negative margins is the primary treatment modality for SNMM. Surgery can be performed using an open or endoscopic approach. Proponents of endoscopic resection claim it has lower complication rates, though the tumor is resected in a piecemeal manner and not en bloc. Several studies have examined the effect of the surgical approach on patient outcomes. Regarding surgical margins, the aim of surgery should be complete resection with clear margins. An analysis of a large database of 1874 patients with SNMM found that complete surgical resection with negative margins significantly improves patient prognosis. 3 Several other studies showed associations of positive surgical margins with a higher rate of distant metastases, decreased survival measures, and a significantly higher risk of death compared to patients with negative surgical margins. [43] [44] [45] Thus, surgeons should consider the complex anatomy of the sinonasal cavity, the proximity of the tumor to vital structures, and the pattern of locally-advanced disease (eg orbital invasion, dural invasion, or brain invasion). It is unclear whether radical surgery, which often comes at the cost of significant cosmetic and functional impairments, is justified. Surgical excision as a single-modality therapy should be reserved for patients with small tumors, localized disease, and negative marigns. 46 SNMM does not tend to spread to lymph nodes and throughout nerves. 3, 46, 47 Reported rates of regional lymph node metastasis in SNMM are 8-11%. 3, 48, 49 Patients who present with positive lymph nodes require therapeutic neck dissection. Those with regional spread do not have worse outcomes than those without regional spread. 3, 48 Due to the low rate of regional spread and the lack of effect on survival, elective neck dissection is not recommended. 48 
Chemotherapy
The role of chemotherapy is minor compared to the biological and immunological systemic therapies. For example, dacarbazine-based chemotherapy was previously the preferred option for treating patients with metastatic mucosal melanoma. 50 However, the lack of association of chemotherapy alone with improved overall survival eventually led to its discontinuation as the standard of care. 51 Currently, chemotherapy is used as an adjuvant systemic therapy in combination with other immunotherapeutic and biological drugs after surgical resection in mucosal melanoma. 52 Chemotherapeutic drugs, such as dacarbazine, are being used in conjunction with MEK, PD-1, and CTLA-4 inhibitors (see below), as well as with biochemotherapeutic drugs, like interleukin-2 and interferon alfa-2b. 53 Most of these combinatorial treatments have yielded disappointing results, with no significant impact on overall survival. Due to the rarity of mucosal melanoma and the stringency with which the benefit of the treatment is determined, chemotherapy is unlikely to be further developed as a monotherapeutic regimen. 54 In a Phase II biochemotherapy (BCT) trial, patients were treated with cisplatin, vinblastine, and dacarbazine (CVD) as monotherapies or in conjunction with interleukin-2 and interferon alfa-2b (BCT). 55, 56 Though BCT showed a higher response rate than CVD, 19.5% vs 13.8% (P=0.140), patients experienced a toxicity of grade 3 or higher. Despite promising results in phase II trials, overall survival rates did not improve in Phase III trials. 57 Highdose interferon, which is often used as an adjuvant therapy, or BCT, consisting of CVD, interleukin-2, and granulocyte colony-stimulating factor, were administered to high-risk patients with melanoma in an intergroup phase III trial (S0008). Among the patients receiving BCT, relapse-free survival, but not overall survival improved. 58 Hence, BCT provides an alternate approach to treatment. Its primary advantage is the short duration of the treatment, whereas its main caveat is high toxicity. Comparing adjuvant therapies after the resection of mucosal melanoma, temozolomide-based chemotherapy demonstrated better relapse-free survival than did high-dose interferon. A combination of temozolomide with cisplatin is a superior systemic option and may result in better survival rates. 59 
Biological Therapy
Aberrations in the KIT gene are highly prevalent in SNMM. This provides an opportunity for systemic therapy by using selective KIT inhibitors. In a phase II trial, the tyrosine kinase inhibitor, imatinib mesylate, showed significant effects in patients with the K642E KIT gene mutation. 26 The use of imatinib resulted in control of the disease by 77%, as well as a 54% tumor response rate against the development of an advanced stage of the disease with c-KIT mutations. 60 Another tyrosine kinase inhibitor, dasatanib, showed promising results in clinical trials that investigated the most common L576P KIT gene mutation in mucosal melanomas. 61 The selective inhibition of various KIT alterations provides an attractive opportunity for developing adjuvant therapies for mucosal melanoma. Although it's not as common in SNMM as in other forms of melanoma, the overexpression of the Ras-MAPK signaling pathway in SNMM is another example in which systemic therapy can be implemented. MEK162 is one such allosteric MEK1 and MEK2 inhibitor that has shown promising results in phase III trials conducted in patients with NRAS mutated malignant melanoma. This drug was also shown to be effective against melanomas with BRAF mutations. 62 In phase III trials of BRAFaltered metastatic melanoma, vemurafinib, a BRAF kinase inhibitor, showed greater efficacy and tolerability, and also a 20% increase in the 6-month survival rate, compared to the chemotherapeutic dacarbazine. 63, 64 The effects of the MEK inhibitor, binimetinib (MEK162), were compared to those of dacarbazine in a randomized phase III trial consisting of 400 patients harboring the NRAS mutation in cutaneous melanoma. The administration of binimetinib, before or after one round of immunotherapy, showed better overall response, progression-free survival, and disease control than dacarbazine. 62, 65 Similar results were seen in another randomized phase III trial in which binimetinib was used in combination with the BRAF inhibitor encorafenib. Compared to vemurafinib monotherapy, this combination showed greater efficacy and tolerability in patients with malignant melanomas. 66 
Immunotherapy
In a randomized phase III trial, the use of the cytotoxic T-lymphocyte-associated antigen 4 blocker (CTLA4), ipilimumab, showed a significant increase in median survival (10.1 months), compared to the administration of the glycoprotein 100 (gp100) peptide vaccine (6.4 months). 67 In another phase III study, 502 patients with untreated metastatic melanoma were treated with a 1:1 combination of ipilimumab and dacarbazine, where outcomes were compared to dacarbazine monotherapy. The combination treatment showed a statistically significant increase in overall survival of 11.2 months, compared to 9.1 months obtained from dacarbazine monotherapy. 68 Hence, multiple prospective and retrospective studies support the use of ipilimumab against this disease.
69
The checkpoint inhibitor nivolumab operates by inhibiting interactions of ligands PD-L1 and PD-L2 with its receptor, programmed death-1 receptor (PD-1), thereby blocking T-cell activation. In a phase III trial of patients with ipilimumab-refractory metastatic melanoma, Nivolumab showed a higher overall survival rate (72.9%) than dacarbazine (42.1%). 70 Furthermore, in a randomized phase III trial (CheckMate 037), patients who progressed after ipilimumab monotherapy or the combination of ipilimumab and BRAF inhibitor, reported a higher response to nivolumab compared to standard chemotherapy. 71 Nivolumab in combination with ipilimumab showed a higher overall response rate (37%) than nivolumab (23%) or ipilimumab (8%) monotherapies, respectively.
72
This indicates that the abovementioned combination therapy is more efficient than the systemic therapies that are currently available for mucosal melanoma patients. In addition to nivolumab, other checkpoint inhibitors, such as pembrolizumab, have shown more improvement in progressionfree survival, toxicity, and overall survival than ipilimumab, or the investigator-choice chemotherapy drug in the KEYNOTE trials 006 and 002. 73, 74 Other anti-PD-L1 antibody monotherapies, such as durvalumab and atezolizumab, have also been tested without much success. 75 A multivariate analysis of patients with SNMM showed better survival following immunotherapy among patients with metastatic disease (HR: 0.14, 95% CI: 0.04--0.49), but not among those without metastatic disease. This concurs with the more frequent utilization of systemic therapies for advanced rather than localized disease. In that cohort, chemotherapy remained a nonsignificant predictor of survival. 3 Treatment of SNMM is challenging due to the complexity and rarity of the disease, as well as the aggressiveness of tumors. Currently, early detection and surgical excision is considered the primary method of treatment. Recent clinical trials demonstrate the effectiveness of systemic therapies in 
Radiation Therapy
Radiation therapy (RT) can be administered to patients with SNMM as a definitive or adjuvant treatment following surgery. Samstein et al reported a retrospective analysis of 78 patients with localized, non-metastatic SNMM who were surgically treated. 76 The rate of negative surgical margins was 38%. Eighty-two percent of the patients received RT, 68% as adjuvant treatment and 32% as definitive treatment, due to gross residual disease. Intensity-modulated RT was administered to 45 patients (70%) with the remainder receiving 3D conformal RT. Five-year local recurrence-free survival was higher among patients who received RT than among those who did not (59% vs 35%). The local recurrence rate was 33% among patients who received adjuvant RT, compared to 71% among those who did not. Importantly, the overall survival and disease-specific survival of the two groups was similar.
76
Other studies also showed an association of adjuvant RT with reduced locoregional occurrence, but not with overall survival. 3, 77 According to a recent publication, 78 this may be due to low SNMM recurrence of about 20% during the first five years following the commencement of treatment, alongside a high risk of systemic disease. The latter is evidenced by the occurrence of distant metastases in up to 80% of patients within the same period.
Particle beam therapy has also been used to facilitate the delivery of high doses to the residual tumor while minimizing exposure to the surrounding normal tissues. [79] [80] [81] The reported results of treatment with carbon ion radiotherapy in head and neck mucosal melanoma were 84% for 5-year local control and 27% for 5-year overall survival with acceptable toxicity. 81 In patients treated with proton beam therapy, 3-year and 5-year overall survival were 58% and 51% respectively, 79, 82 Five-year disease-free survival was 38%. 82 The role of RT as a primary treatment modality for SNMM remains unclear. 83, 84 Outcomes and Risk Assessment
The prognosis of patients with SNMM remains poor. The reported 5-year overall survival is in the range of 20-60%, while the mean is 27% (Figure 1 ). Mean, five-year diseasefree survival is about 26% (Figure 1 ). Advanced age is associated with decreased survival. 3, 5, 49 86 The most common sites for distant metastases were the lungs (20%), followed by the liver (13%), bones (8%), and the brain (5%). Factors with adverse prognostic effects were tumor thickness >4 mm for diseasefree survival, positive margins for local recurrence, and bone invasion for distant metastases. 86 Similarly, Samstein el al 76 reported 66% distant failure, 23% local failure, and 13% regional lymph node recurrence. A subset of patients (n=30) underwent diagnostic genomic testing for mutations of the KIT, BRAF, NRAS, and GNAQ genes. Overall, 30% of them had at least one mutation. Analysis of outcomes in these patients did not reveal a significant prognostication between the presence of mutations and patient outcomes. 76 Conclusions SNMM is a rare disease that harbors a poor prognosis. Distant metastasis is the most common cause of treatment failure. The variability of the disease and the emergence of new treatment modalities necessitate an MDT approach for the optimal management of treatment choice, treatment side effects, and follow-up. Surgery remains the mainstay of treatment in patients with SNMM. Adjuvant RT seems to improve local control, without a substantial effect on overall survival. Chemotherapy does not play a significant role as a primary treatment, while immunotherapy may confer survival benefit to patients with metastatic disease.
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